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ABSTRACT
As a small island and tourist destination, Karimunjawa municipal is need fresh water to support the tourist activity, 
mainly to supply drinking water. Unfortunately, freshwater on a small island is obtained from groundwater which is very limited 
and vulnerable to climate change and anthropogenic activities. A groundwater assessment is necessary to receive up-to-date 
information on groundwater quality, to assess the groundwater feasibility for drinking water, and determine the pollutant source. 
The assessment was conducted by collected groundwater sampling from dug wells and swamp area in Karimunjawa municipal 
and then analyzed the samples in the laboratory to obtain the value of Nutrient (NO3-, NO2-, NH3-N); Heavy Metals (Cu, Fe, 
and Pb); and Salt (TDS, Cl-, Na+). These obtained parameters were compared with the quality standard of the minister of health 
regulation of the Republic of Indonesia about water quality standards for drinking water. In this study, 14 samples were collected 
and analyzed. The result shows that nutrient contaminant is low, but some groundwater sample was contaminated by ammonia. 
Heavy metal is undetectable, but almost all samples are contaminated by salt. Therefore, the groundwater in Karimunjawa 
municipal experienced seawater intrusion and not feasible to be consumed as drinking water.
Keywords:  Groundwater quality, Karimunjawa municipal, groundwater pollution, seawater intrusion, 
small island.
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Karimunjawa municipal is located in Karimunjawa 
Island. This island is categorized as a small island 
(UNESCO, 1991) because it has an area of 
approximately 46.24 Km2 (Jepara Regency Statistic 
Agency, 2018). Karimunjawa Island is an important 
tourist destination in the province of Central Java in 
Indonesia due to this island has beautiful beaches and 
coral reefs. Furthermore, the Karimunjawa waters 
have good fishery resources because the primary 
productivity is high in this area   (Nuzapril et al., 2019). 
Therefore, the local government is very active in 
promoting Karimunjawa to the public to visit this island. 
As a result, there was an increase in the number of 
tourists by 94.3% in Karimunjawa during 2013 – 2018 
(TIC Jepara Agency, 2019). Also, Based on Jepara 
Regency Statistics Agency (2013; 2018). In the same 
period, the number of homestays and hotels in 
Karimunjawa has increased 116.3 %. 
With this potential, the fresh water is also needed 
to support tourism activities. In the other hand, 
freshwater on a small island is limited, and it relies on 
groundwater as a source of freshwater (Falkland, 
1993). This groundwater is also vulnerable to climate 
change and anthropogenic activities and causes the 
groundwater quality is worse. Consequently, it cannot 
be consumed by humans due to polluted water as a 
source of various diseases (Halder & Islam, 2015; Lu 
et al., 2015; Schmeller et al., 2018). Moreover, climate 
change impact, anthropogenic factors also cause a 
decrease in the amount and quality of groundwater. 
Human activities, such as domestic waste disposal 
without treatment (Geary & Whitehead, 2013), 
sporadically extracting groundwater for household, 
agricultural, and tourism will increase severe 
groundwater amount and quality (Daskalaki & 
Voudouris, 2008; Rauscher, 2007). Previous study by 
Hadi et al. (2006) showed that there was decreasing in 
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groundwater quality which was caused by seawater 
intrusion in municipal areas.
Therefore, research and updating groundwater 
quality data are necessary to assess and monitor 
groundwater pollution in Karimunjawa municipal. 
Several methods can be applied to assess the 
groundwater quality, such as Groundwater Quality 
Index (GQI) (Saeedi et al., 2010); Metal Pollution Index 
(MPI) (Xiao et al., 2019); GALDIT (Chachadi & Lobo-
Ferreira, 2001); and by comparing the value of the 
chemical parameters with water quality standards for 
human consumption (Geary & Whitehead, 2013). Then, 
based on the assessment using these methods, the 
mitigation plan to prevent groundwater pollution should 
be determined.
In addition to groundwater, it is essential to 
support tourism activities, in particular, to supply 
drinking water in Karimunjawa municipal. Still, on the 
other hand, groundwater is also vulnerable to climate 
change and human activity itself. So, the assessment 
of groundwater quality is necessary to do. This paper 
aims to provide up-to-date information on the 
groundwater quality in the Karimunjawa municipal, 
assess the groundwater feasibility in Karimunjawa for 
consumption or drinking water, and determine the 
spatial pattern of groundwater quality degradation. 
Then, it can be determined where the source of the 
pollutants come from, and then this result can be used 
for groundwater mitigation in the Karimunjawa 
municipal.
METHODOLOGY
Karimunjawa municipal   is located in Karimunjawa 
Island, Jepara Regency, Central Java Province, 
Indonesia. This island is located about 180 Km North, 
offshore of Semarang city, the capital city of Central 
Java Province (Figure 1). This municipal has a flat 
Karimunjawa municipal location.Figure 1.  
topography and lies on coastal alluvium, which consists 
of loose sand, swamp deposition, and partly of 
Karimunjawa formation (Hadi et al., 2006; Sidarto et al., 
1993).
Groundwater assessment in Karimunjawa 
municipal was started by groundwater data collection. 
The data collection was conducted in October 2016 by 
taking groundwater samples from dug wells and 
swamps in Karimunjawa municipal that were suspected 
of being contaminated by domestic waste and seawater 
intrusion. Typically, in October, this island has a dry 
season, but it rained every day with medium intensity 
when the data were collected. The location of 
groundwater sampling was determined randomly, but 
its distribution covered the area of the municipal. The 
map of groundwater sampling points is shown in Figure 
2.
Groundwater from the determined location was 
taken and stored in a 1-liter polyethylene bottle.   Then, 
the bottle was held in a cool box that was already put 
ice inside to keep the chemical values stable. After that, 
the water samples were analyzed in the laboratory   to 
obtain the chemical parameters such as nitrate (NO3-), 
nitrite (NO2), ammonia (NH3-N), chloride (Cl-), sodium 
(Na+), total dissolve solid (TDS), copper (Cu), iron (Fe), 
and lead (Pb). 
Then, the results ere compared with the quality 
standard of the minister of health regulation of the 
Republic of Indonesia No. 492/Menkes/Per/IV/2010 
about water quality standard for drinking water. 
Therefore, the groundwater pollution level in 
Karimunjawa municipal from contaminants such as 
nutrient (NO3-, NO2-, NH3-N); heavy metals (Cu, Fe, 
and Pb); and salt (TDS, Cl-, Na+) should be known so 
that the groundwater feasibility for drinking water in 
Karimunjawa municipal can be determined. 
Furthermore, for knowing the pollution pattern, 
the spatial distribution map of pollution should be 
known to determine the pattern of pollutant sources 
and the pollutant spread in Karimunjawa municipal. 
The spatial distribution map was created using the 
Kriging interpolation method and plotted using ArcGIS 
software.
RESULTS AND DISCUSSION 
Nutrient Contamination in Groundwater
In this study, nutrient contamination in the 
groundwater is indicated by the concentration of 
nitrate, nitrite, and ammonia. The value of nutrient 
concentration from the analyzed groundwater samples 
in the laboratory is presented in Table 1. There were 
14 water samples obtained from the Karimunjawa 
municipal.  Nutrient contamination is necessary to 
be known because nutrient contaminants show an 
indication of groundwater pollution due to domestic 
waste to the environment (Effendi, 2003).
Based on Table 1, all nitrite concentration values 
are below 0.003 mg/l. It means that nitrite has not 
contaminated groundwater. On the other hand, the 
nitrate values in the obtained groundwater samples 
are ranged from 0.016-63.437 mg/l. However, most of 
the nitrate values from the obtained samples are still 
appropriate with the quality standards. Only at point 
S011, the nitrate concentration value is 63.437mg/l, 
Jurnal Segara Vol 17. No 1. April 2021: 23-32
25
Groundwater sampling location.Figure 2.  
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and it exceeds the quality standard. Ammonia values in 
Table 1 range between 0.014-9.564 mg/l, and ammonia 
values that exceed the quality standard are at Point 
S010 and S011.
The spatial distribution of ammonia in Karimunjawa 
municipal is shown in Figure 3, which informs the 
ammonia pattern is dominant in residential areas near 
the west coast, with the highest value concentrated 
at point S010. This high ammonia value is consistent 
with nitrate values at Point S011, wherein these points’ 
locations are close to each other. The value of nitrate 
and ammonia also exceeds the quality standard. This 
pattern is consistent with the ammonia pattern from the 
study conducted by Hadi et al. (2006).
According to Effendi (2003), nitrate levels that 
exceed 5 mg/l illustrate the occurrence of anthropogenic 
pollution from human activities (domestic waste) and 
animal feces. If humans consume groundwater with 
high nitrate concentration, it will cause health problems 
such as goiter and methemoglobinemia (Manampiring, 
Point  NO3–N (mg/l) NO2–N (mg/l) NH3-N (mg/l)
S01  0.052  <0.003  0.017
S02  0.039  <0.003  1.194
S03  0.016  <0.003  0.021
S04  0.303  <0.003  0.03
S05  0.28  <0.003  0.361
S06  2,836  <0.003  0.015
S07  0.227  <0.003  0.015
S08  0.381  <0.003  1,034
S09  0.06  <0.003  0.014
S010  0.13  <0.003  9.564
S011  63.437  <0.003  1.706
S012  10.666  <0.003  0.018
S013  0.06  <0.003  0.046
S014  0.13  <0.003  0.046
Quality  50  3  1.5
Standard
nnnnnnnnnnnnn = the value exceeds the quality standard of 
  Minister of Health Regulation of the Republic 
  of Indonesia (2010)
The concentration of Nitrate (NO3-), Nitrite (NO2-), Ammonia (NH3-N) in Karimunjawa 
municipal groundwater.
Table 1.
Spatial distribution map of ammonia (NH3-N) concentration in Karimunjawa municipal groundwater.Figure 3.  
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2009).
Therefore, pollution due to nutrient contaminants 
in Karimunjawa municipal is still relatively low. 
However, this groundwater assessment result indicates 
groundwater pollution due to domestic waste disposal 
in the western part of the municipal.
Heavy Metals Contamination in Groundwater
Heavy metals at a certain level are hazardous 
for the human body because heavy metals have 
accumulated and poisoned the human body itself 
(Morais et al., 2012). Heavy metals in an environment 
are caused by natural and anthropogenic. Natural 
sources of heavy metals may come from natural 
weathering of the earth’s crust and soil erosion. On 
the other hand, the anthropogenic source may from 
industrial discharge, urban runoff, and sewage 
effluents (Ming-Ho, 2005). In this study, the heavy 
metals copper, iron, and lead were analyzed to assess 
heavy metal contamination in Karimunjawa municipal 
groundwater. The obtained heavy metals value can be 
seen in Table 2.
Based on Table 2, The value of copper in 
Karimunjawa municipal groundwater has a minimal 
value of less than 0.004 mg/l, as well as a Lead 
value with a concentration of less than 0.03 mg/l, or 
in other words, these heavy metals are undetectable, 
and copper and lead do not pollute the groundwater. 
Copper and Lead can be released from the burning 
of fuel, wearing tires, leakage of oils, and corrosion of 
batteries and metallic parts such as radiators (Baker 
et al., 2007). These activities may be found in the 
dockyard and mechanical workshop. Even though in 
Karimunjawa municipal, there is fishing boat activity 
in the port, this activity is relatively low, and the 
contribution of pollution to heavy metal in groundwater 
is small.
The concentration of Iron in the Karimunjawa 
municipal groundwater ranges from 0.024 to 0.236 
mg/l. It is below the quality standards by the Minister 
of Health Regulation (2010). The iron can be released 
from anthropogenic sources, such as the iron and steel 
industry, sewage, and dust from iron mining (Reimann 
& Caritat, 1998). It is also from fertilizer and herbicide 
(Reimann et al., 2003).
The pattern of Iron distribution of groundwater 
(Figure 4) shows that high iron concentrations are in 
the south region of municipal with the highest value 
at point S05. High iron content can be caused by 
oxidation of the iron compounds involved (Garba & 
Abubakar, 2018).
 
Based on the results described above, in general, 
groundwater in Karimunjawa is not polluted yet by 
heavy metals. In Karimunjawa municipal, there are 
no industries, mechanical workshops, and mining 
activities even though regulation from the government 
is necessary to prevent groundwater pollution from 
heavy metals.
Salt Contamination in Groundwater
In this study, salt contamination in groundwater 
was analyzed using sodium, chloride, and TDS in the 
Karimunjawa municipal groundwater. The seawater 
intrusion can be determined by analyzing the salt 
contamination in groundwater because sodium and 
chloride are the most considerable seawater content. 
The sodium, chloride, and TDS obtained from the 
Point  Copper (Cu)  Iron (Fe)  Lead (Pb)
  (mg/l)  (mg/l)  (mg/l)
S01  <0.004  0.056  <0.03
S02  <0.004  0.077  <0.03
S03  <0.004  0.025  <0.03
S04  <0.004  0.125  <0.03
S05  <0.004  0.236  <0.03
S06  <0.004  0.063  <0.03
S07  <0.004  0.065  <0.03
S08  <0.004  0.112  <0.03
S09  <0.004  0.027  <0.03
S010  <0.004  0.055  <0.03
S011  <0.004  0.031  <0.03
S012  <0.004  0.028  <0.03
S013  <0.004  0.024  <0.03
S014  <0.004  0.037  <0.03
Quality  2 0.3  0.001
Standard
The Concentration of Copper (Cu), Iron (Fe), and Lead (Pb) in Karimunjawa Municipal 
Groundwater.
Table 2.
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laboratory are presented in Table 3. According to the 
Minister of Health Regulation (2010), the concentration 
of chloride allowed for drinking water must not exceed 
250 mg/l, Sodium must not exceed 200 mg/l, and 
TDS must not exceed 500 mg/l. In Table 3, the salt 
concentration, which exceeds the quality standard, is 
a highlight with yellow color.
The obtained result of sodium content in the 
groundwater ranged from 2.73 – 284.63 mg/l. Based 
on Table 3, Point S04, S05, S08, S013 have a 
value of Sodium that exceeds the Minister of Health 
Regulation (2010). The spatial distribution of sodium 
concentration in the groundwater is presented in 
Figure 5a. This figure shows that the highest sodium 
concentration is in the south region of Karimunjawa 
municipal, dominant at points S05 and S013. Also, it 
is concentrated in the middle area of Karimunjawa 
municipal, near the Garbage Disposal Site at Point S08, 
and higher concentrations appear on the west coast of 
Spatial distribution map of Iron (Fe) concentration in Karimunjawa municipal groundwater.Figure 4.  
Point  TDS (mg/l) Na (mg/l) Cl (mg/l)
  
S01  392  104.49  23.03
S02  246  161.07  29.76
S03  204  4.82  9.38
S04  1,032  263.69  38.73
S05  5,580  284.63  898.93
S06  582  80.74  64.41
S07  500  87.65  22.42
S08  922  273.14  88.06
S09  156  2.73  13.05
S010  600  112.27  24.46
S011  800  194.33  43.62
S012  438  89.38  18.35
S013  1,040  275.5  86.43
S014  478  85.92  17.12
Quality  500  200  250
Standard
nnnnnnnnnnn = exceed the quality standard of Minister of 
  Health Regulation of the Republic of 
  Indonesia (2010)
The Concentration of total Dissolve Solid (TDS), Sodium (Na), and Chloride (Cl) In 
Karimunjawa Municipal Groundwater.
Table 3.
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Karimunjawa municipal at point S011, even though 
point S011 is still below the quality standard, but it has 
a high concentration.
Furthermore, chloride concentration in the 
groundwater ranged from 9.38 - 898.93 mg/l. chloride 
concentration that exceeds the quality standard quality 
standards of the Minister of Health Regulation (2010) 
is S05. Figure 5b shows the distribution of Chloride in 
the groundwater in the Karimunjawa municipal. The 
Chloride has a high concentration on the southern 
coast of Karimunjawa municipal, with the highest point 
is at point S05.
TDS concentration in the groundwater range 
from 156 - 5580 mg/l. The TDS distribution pattern in 
the Karimunjawa municipal can be seen in Figure 6, 
where the dominant TDS distribution pattern is located 
in the south region of the municipal (Point S05). TDS 
concentrations that exceed the quality standard of the 
Minister of Health Regulation (2010) are at stations 
S04, S05, S06, S08, S010, S011, S013. The high 
TDS concentration in the Karimunjawa municipal 
groundwater may be caused by seawater intrusion and 
household waste.
Based on the result of the spatial distribution 
map, the spatial map distribution of sodium (Figure 
5a), chloride (Figure 5b), and TDS (Figure 6) have 
a similar distribution pattern. The pattern shows that 
the high concentration of salt distribution dominant 
in the south region (at point S05 and S013), middle 
region (at point S08), and west region (at point S011). 
These distribution patterns indicate seawater intrusion 
a) Spatial distribution map of sodium (Na) and b) chloride (Cl) concentration in Karimunjawa 
municipal groundwater.
Figure 5.  
a)  b)  
Spatial distribution map of TDS concentration in Karimunjawa municipal groundwater.Figure 6.  
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into groundwater in the Karimunjawa municipal from 
the south and west regions. This phenomenon may 
occur because the fresh groundwater head level in 
Karimunjawa municipal is lower than the seawater 
level and enhanced by the high sediment porosity in 
Karimunjawa municipal that consists of loose sand on 
coastal alluvium.
The salt contaminant occurs in the beach area and 
the middle region of the Karimunjawa municipal. Still, 
the pattern is not symmetric, and this area is relatively 
apart from the south and west part. The possibility of 
explaining this phenomenon is the drainage channels 
connecting the swamp and the sea to prevent floods 
in Karimunjawa municipal. When the sea was tidal at 
the highest level, the seawater enters the swamp area 
(Hadi et al., 2016) through the drainage channel and 
mixes with swamp water, then this water seeps into the 
ground and contaminates the groundwater.
Thus, the groundwater in Karimunjawa municipal 
has been polluted by the salt contaminant due to 
seawater intrusion. Consequently, seawater intrusion is 
the main problem for the groundwater in Karimunjawa 
municipal because most of the samples exceed 
the Minister of Health Regulation (2010). Therefore, 
generally, groundwater in Karimunjawa municipal is 
not feasible to consume as drinking water.
CONCLUSION 
Based on this assessment, the groundwater in 
Karimunjawa is not feasible to be consumed as drinking 
water. It has been polluted by seawater intrusion 
indicated by the exceeding concentration of sodium, 
chloride, and TDS. The region that experiences a high 
concentration of seawater intrusion occurred in the 
southern and western areas of Karimunjawa municipal. 
However, in the middle part of the municipal, there is 
also an increase in salt concentration. It may occur 
because the seawater enters the swamp area through 
the drainage channel, which is lower than the seawater 
level when at high tide. In consequence, seawater 
may enter the swamps and seeps into the surrounding 
groundwater.
Although groundwater pollution due to nutrient 
and heavy metal parameters is not so dominant, some 
of the samples in the municipal area show ammonia 
concentration that exceeds the quality standard. 
This finding cannot be ignored; otherwise, ammonia 
pollution may be worse in Karimunjawa municipal. 
Therefore, a mitigation action to prevent groundwater 
pollution in Karimunjawa municipal is necessary to 
issue a regulation for waste handling by the local 
government.    
Although this study revealed groundwater 
quality and pollution sources spatially, research on 
human behavior has not been conducted. Research 
in human behavior such as domestic waste disposal 
and groundwater extraction by the municipal citizen 
is necessary to predict the groundwater quality in the 
future and its mitigation action.
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